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Comparison of Spontaneous Recovery and Nerve Surgery
in Brachial Plexus Injury

Goo Hyun BAEK, M.D., Moon Sang CHUNG, M.D., Joong Bae Seo, M.D.,
Jin Soo Park, M.D., Yong-Bum Park, M.D. and Deuk Soo JUN, M.D.

Department of Orthopedic Surgery,
Seoul National University College of Medicine, Seoul, Korea

There has been no general agreement about optimal time for nerve surgery in the closed brachial
plexus injury(BPI). From our early experiences, we knew by chance that spontaneous recovery in
BPI patients may begin even later than 8 months after injury. Authors' strategy, which was based
on our early experiences, for the treatment of closed fresh injury was 'wait and see' until 8 months
after injury.

From 1985 to 1994, we observed 103 patients with BPI. All of them did not have any operation
until 8 months after injury. There were 95 men and 8 women with a mean age of 29 years.
Motorcycle injury(37%) and vehicle accident(28%) were main causes of injury. Whole plexus
types were observed in 56 patients(54%), upper plexus types in 29(28%), lower plexus types in
3(3%), and infraclavicular types in 15(15%). Electromyography was performed in all patients.
This was repeated every three months to detect the recovery. Results were evaluated by authors'
criteria, in which AMA system of brachial plexus impairment was modified. Duration of follow up
was average 25 months.

47 patients(46%) showed spontaneous improvement, which was initially detected at average 7.8
months(range, 3 months-16 months) after trauma by electromyography. The average score of these
47 patients improved from 14.8 points to 39.8 points. 31 patients(30%) had nerve surgery such as
nerve graft, neurotization or neurolysis. Average duration from injury to nerve surgery, was 10
months. Among 31 patients who had nerve surgery, 16 patients improved from preoperative 21.5
points to postoperative 36.3 points in average.

Because spontaneous recovery began in average 7.8 months after injury, we think that it would
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be better to 'wait and see' for at least one year in patients with closed BPI expecting spontaneous

recovery.
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Table 1. Diagnostic work-up

Methods No. of patients (%)
EMG 103 (100)
Visualization 78 ( 76)
Cervical Myelo + MRI 32 ( 31)
Cervical Myelogram 30 (29
MRI 16 ( 16)

Table 2. Unilateral spinal nerve root impairment

Brachial plexus injury, Spontaneous recovery, Nerve surgery

Chat 2

19859 19%E 19949 12971A Medidhn ¥
o gald a2 XN8E AP 103789 ¥
2 gAes sy FAEL 2% A48 da A
A% &4 842, MR 2 €8 &3l 3l &
A ot &4 BAe A9sia, 22 At
24 F e/d vuiel 8L dqidoz ATk BHE
2] 71zt 25 270910tk RE #AEL £
AAHA ANE B3 938 e B F 9
£ g3 98 S5 AAE AF wslkth 23=
(electromyography ; EMG)E Rl A
Qeom 3fdrict vEsel 17 7w HE A%
£ AT AAAA] ¥ A3 g By S8
3280l A3 H$7 =& (cervical myelogra-
phy)# A7l 39 d4&€MRDE A AldsA
2, 3084 AF A5F 2FE€L, 16390A
MRIE N#31cH(Table 1).

Mkl Ea &44o] gle AdolA A7 A
A 8Ly 4 F Ha 8geA 107
497 nz3 aywe AFgsin FASHAG. TG
SAEAA 107190 AUE 2AE FAME AF 3
o] 7lul7} BolA] gAY, olF AulF A% A%
94 Ee A< (reconstructive surgery)<
A8t

AAEL BANN F
2, F84d 23 2 AR

Nerve root Loss of function due to sensory Loss of function due to Impairment of
impaired deficit, pain, or discomfort loss of strength upper extremity

Cs 0-5% 0-30% 0-34%

Ce6 0-8% 0-35% 0-40%

C7 0-5% 0-35% 0-38%

C8 0-5% 0-45% 0-48%

T1 0-5% 0-20% 0-24%
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A BT G ARE B3, Ad ARF &4 X
oA 47 A 7 F T /AR 28 3+ o)
EY ALE JAHor AL J1FoB Askth

e 7154 Bt R AAEL vlF 9
3} ¥3] (American Medical Association)9] 97+
2 #oje] @7} AA (the evaluation of perma-
nent impairment)®& 33k A4} T}H(Table
2). AAEL vlF 9% P3lo] AA(AMA sys-
tem) | 7128t A AAF A0 &4A vHHIE 0
A, ¢43) B4 7159 9E 1003 71EL= s,
2g AR Fe] 7+ MRS 7 AAES] vz
2} H42 Boslgnh. HoA RE uie}l o] 29
o] 5o Ch 4173 ¢4 3 Boz A= 1839]
}HTable 3). °o|<} Zo] C6 227, C7 203, C8 26
A, 383 T1 14¥elth. Z4 AAIEY A5 4
<A FAe 10080k, 282 28] 4, 3, 2, 1,
04 w z+z}t 75%, 50%, 26%, 10%, 0%E |3t
Zt AR A4S AdEcHTable 4). ¢ of &
ARz HAee 4z7e dEde 25 (key mus-
cle) % v A4 &4 3| (American Spinal
Injury Association : ASIA)@lA AJ &G &4
%7} (spinal cord injury assessment form)ell

uet Fitd 2 A7) 7ee dAdT. 74 AT

Table 3. Revised AMA Score

9] key muscleZ C5 84 232, C6 &4 A
AL, C7 F84 AAZ, C8 Al FIZ2(FAY ¢
A FW), Tl $4 JAZ @A) etk 48 &
A AARF &4 B FA #F F ZHo] T8
A 2, 998 AR 2Y 4olm, FHAE AR
29 3, A EFo| 29 lojw, F£A Ae] [
28 o, 38 AMA AFE (18 x 0.75 + (22
x0.75) + (20 x05 +26x01+(14x0 =
13.5 + 16,5 + 10 + 2.6 + 0 = 42.6 22 A4Ix0]
42.6%3°] Ach

2

A ARAF & BAES] YL 4 14AFH
H3 5pAMlol AA BE3H, Fd AH-L 2949
Atk Adze 9A7E 95% (92%), AAUE 8%
(8%) 2.2 FA) 12d] Bsith &4 dRlez2e o
5 Atz 6798 (65%) 0101, © F LEHold <
& Atart 397 (37%)°ldth. L ¥l F& Alart
219 (20%), HE £do] 8% (8%) S°lAtH(Table
5. &4 2oe H3F o] 883 (85%) =
A AAZE 567 (54%), 37 ABF 297 (28%),
7 A% 3% (3%) ol x, AFeHT Wl 157

Table 5. Cause of injury

Nerve root % Impairment Score of nerve root Cause No. of patients (%)
Cs5 34 18 Motorcycle accident 38 ( 37)
C6 40 22 Vehicle accident 29 ( 28)
Cc7 38 (x 100/ 174) 20 Fall down 21 ( 20)
C8 48 26 Belt injury 8( 8
Ti 24 14 Others 7 7
Total 174 100 Total 100 (100)

Table 4. Our criteria for functional evaluation

m.powerroot  C5 C6 7 C8 T1

5 18 22 20 26 14
4 13.5 16.5 10 19.5 105
3 9 11 10 13 7
2 4.5 5.5 5 6.5 35
1 1.8 22 2.0 2.6 1.4
0 0 0 0 0 0

Table 6. Level of injury

Level No. of patients (%)
MSupraclavicular 88 ( 85
Whole plexus 56 ( 54)
Upper plexus(C5,6,7) 29 ( 28)
Lower plexus(C8,T1) 3 ( 3
Infraclavicular 15 (15

Total 103 (103)
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61%) X dA=Egen, o5 &44d A
A ARF 218, AF AA8F 307,
129 013tk

JdARew T4 AAL H AA IELS 1033
ZF 479 (46%) A Dot AA FHES Hel &
A9 2R Wahe 4 F INEdA 16719
Atel, BE 7.8/0€ AL 2AHUT AA AT
< B9l 479F 318 (67%) < 5% ¥ 3¥lA 9
NY Aolo] 2AEAS Wl Agoz WHHY
3, 97iY olFo) AA IJEE Bl fAe] 7 3
asta] 169 (33%)2 9EolA 16704 Atelel A
Loz WAAUG (Fig. 1). A28 Ad ¥ag B2
630 B4 F 199 (30%) 1N AR 3HE
AR 2Pt A AAEF &4 84 219F 49,
AR AAE &4 308F 129, FF AEEF &
129% 3944 24" &74& B3k

ZAE AAPS LA 10193 A3 IR/
&70] IAY o}F Zvid #xl 56HF 31FelAe
A7 Bdeg AAsER, 25%dAe Ade
(Reconstruction surgery) < A#stRAY 37
ZA #F F @8] YU (Table 7). 4173 B4
&2 AY TR RS £ F FerR g T
7ZHe 4 T HAA /K44 F1 2IMEE BT
107hgollen, HiE FA 71 3370l

% 50

Table 7. Methods of treatment

Methods No. of patients
Conservative 103
Nerve surgery 31

Neurolysis 11
Nerve graft 11
Neurotization 9
Reconstructive surgery 23

Table 8. Functional improvement

Spontaneous Surgical
No. of patients 103 51
% Improvement 46% 52%
Score
Initial 14.8 21.6
Final 39.8 36.
Improvement 25.0 14.8

AR Bges A 31de 2749 (neuroly-
sis) 113, 21794 (nerve graft) 113, A73lA
2 (neurotization) 98 S°]lth(Table 6). A7
E9<4S AAE 318 F 168 (52%) 0l 4BA 34
A7 1Yt} A7 BEQES AYEe 82 F 4
ZAAA Wulo] gle A9+ & 12842 5o 34

Fig. 1. First detection of spontaneous recovery in EMG
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A7) At
FoA FES HQl v AA

A7 BAeT 52%=2 EAACE folg 2olr} gl
AR (p0.05), 7168 TAY Fxe

o] A Edsg Ag He IAQuT FAHo=
FolstAl ESkh(p<0.05). A 35

AMA score’d W9 FA] 14,8394 &% 39.8%
oz 25fo] MAHNRL, A BEdeTde ¢4

21.5%A &3 36.34 22 14.8%0°] A<,
A FHEF] A3 RdEwET L7 718
AL 2YE & & UK (Table 8).

g

ol

B0 F A F AN 22Eo]
AA

204 EAE T
A F H2 gAY ohE A2 R 3

Twenty years old
male patient was
suffered from com-
pletc palsy of left
upper extremity with
whole arm type of
brachial plexus in-
jury. Myelography
showed pseudomen-
ingocele in C5, 6
root area and MRI
revealed pseudo-
meningocele in left
intervertebral fora-
men
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Fig. 3. After observation of twenty-four months, winged scapulac was decresed, and wrist flexor and finger flexor

muscle poewr is grade 4 respectively.

AYE Ao}, A= Y A FF F 2HY
o] AR, A A upH(flail upper
extremity), &8 ¥z 18]35 Horner® £33
FAE Bgon (Fig. 2), ¥89 AMARSE 04
olgitt. 2AEA A AAF AAIZA S &g
A5 6 7, A3 AAT A4PA WAL 4
£ 270 Ugeon, MRI® A3 d57 2ded
A 5 6, AF A7 /M BRHAG
a3y £ F 12708 A 7, 8 BF AAZ B
A 1 F3F AR3Y REFHQ B 2do] 2AER
SARNR, FS Y &A= F2EATH(Fig
3). A FHE I 29 0, 98 dde 2
g 3, F8A A 29 4, F£A #E S 29 4,
FA9] oA 28 40014 £3° AMA FHs€ bl
HolYtHEFE AMA A% = C5(0) + C6(11) +
C7(10) + C8(19.5) + T1(10.5) = 51).

z #H

Ag A7AF £49 AE WPe REHQ X8
W, Al BEY9e 2 AdEE aEd § e,
S 3083 AvlAE o4 viAeerEY 2
3} FA7Ee] HAT npH s FeF LR SN 53
A7 Bded @3 Be 3 Ans} oA
oh Zdel S0} Be AR A% AAF £49)
S FLo AFNS o) Bydn glq_Lz,u,a,s.lz.m.
15.17.20.21.22,24»27'31.32)' ZIEHH 3}7135} 5';%94 ;_q%zozol

Yol 1 27 $&3hs Aol Rusiyn it
e AAEe &4 TFY, A, U &,
ZoF WAL AL, ZQ £ T o3 8E F
itk &4e) 718e wE AHE 739 3o &
AHE ¥, oE 5o LEue] AlmdA e ¢
& o, AA7F BE5 B9 A& Af AN A
Z &o], AAL 9A=H] & A AT AEF
&40 & AP, =t £ FAle WY A
E Agd] v$- Feslth WA ¥ Adde
A F A% 5E, AAZ(Serratus anterior), &
P (Rhomboid), AHAZ{Levator scapulae) 2}
vh] & Hornerd %70l oW 47324 3
g vl o)dstelol u*?, ALY FAR
280 847 A9 (denervation potential) B A1
ARAE AP 93 a9 s RAZ) (dener-
vated dermatome)l #Z &% A9 (sensory
action potential)7} glo® A3EW WS o4
HPBP FW AF AL} 29 JMHRT
(Pseudomeningocele) & AZAR &£3& Ye
v, 29 279 #AFH @3 29 (enhanced CT)
g o] g3l ATEL © Y F APP. FHZ
MRIE A¢2Hog ol&=E o', Ochi” ¥
B3] AR AAF &3¢ A$ MRIF 3574 =
2yt £z Jok WS 4 FEL E20A9
dolA gt YAAL o] &3 ARZ AG £ A
o2 2ad ukE I, Stevenst AR 29 9
9AE 2 A9 &4 =EBua I, FE3 &

of
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AE AR 108019 <45 27 127 A 9
< 29y P}, Sunderland™ e AlAe] ZH<
E£ZNA AARE o HEe Az &4 ulg
B3 &4 4d A7), AE, £¥, $%0 2
g 29 E3E (mixed) A7 &40 Boka 3
. Alnot’& 810d19) £ 7|23l A AAF

Lo

AZAA WAL 4% 3 PO
dIe Fe A7 £ Bonney'v AAA
A wHHg AZRAS We], - AZEZ(C8,T1)
HWnao AR AAP2(C5,6) Wl £ J4FF
B3, Leffert® Seddon™-& A4 #HwWHr}

ZetE HudA FL 4FE Hodw IdgPn
%39 Rorabeck® Harris¥+ A A73% &4, 67
9 o4 £%, Horner %7, 7M¥%57 v
B ¥ QAoln, 4R AT, AAZ &) 9
7 Foa gor ol AXEE I dE
BRERE AHrt AR sgek e

o] glolA M} Fa8 oL AZAA A7
2 WHo] glx=ve Holti'"*®, Rorabeck®
Harris“€ 7HH94{E 29 3485 30 =
AB-S vQgvn N A ABFA= HREA
WEo] glo] ¥FF P& JMIHSFI) dF
AR 2L & 5= Yoz Fx, Methae Al
AL 3FE 1 259F 490 &3 24 AT
AAeiQtka 3t Hentz$t Narakas™ e 47
ZY9¢€4 C5,6,79 gl 22-50%°1ThaL 3
2, Ochi®& C5,6904 A+ 2Ad&o]l 7
63%, 64% 183 MR} 42 73, 64%9) 8=
g Yehdtia 3t} Roger® 5& A7 24¢
o] 84%< AE=E 7Httn k. Metha®&
MRI®] HE8EE 85%°ldoleta Bttt A7l
Zo] ol A= FFeA AAZe] dE &4
wEE 4 QleB R Trojaborg®dl o3td J4%
ZYeAd AR AE &4 B2 179F 9904
AR, A7ARA, BAR AT Belde)
dAG[Gn dgen, o uee F&3F g4
izl o). A2 Frte] ol 7P B
He B8 A AAITE Udhe AolAAT, 4
A &£ AYPAtEEEE qFe vE 2o
A7 A A4S Bzt 93, A9 &
AL 93 FFFT FAEE APste R AYAA
AEA A (invasive) RoIT¥®, &% A &

W AY(SEP)E &Fsle Ax 48 AE /K
t}. Tsuyoshi®& 71€4q ogigol ax, A7)
2 AL (electrical noise) ™ uld] wjEo] 47
SEP7} AleRdtha 3, Trojaborg™ e SEP7F 91
o] AAT ZAYG WS AT F UL BH, 4
Ay} AAAGe 0] Evbseta, e A4
2 AQ ¥9E wiAse Ao BiMssM, I8
R} (topograghical study)ol 71%% A9 72+
Auje F3ste A = o] gicka P,

Barnes”& 63219 #H44 &3 8xE EH3o
BEAQ XNFEE AF AAF &4 338F 229
67%) 914 T, TH(21%) 04 EgA HBEs
A ARE &4 2835 94 8 495 (14%), S
A BB AR AAZFNA T8 (25%), AR ABF
Al 109 (36%)°l dolskaS Buatn, A7 A4
o] F WajdRe AAUe] ME (endoneurial
scar) o|B2 $&2A 8L =& ¢ oz ik
Rorabeck® Harris®+ 134#19] 3¢ 43F &4
o] EE BASId & odFd IS FA B
dcm Pk Carlstedt& E7F vhle) A9 A
AAZ &30] opd AT RER &30 dRdXE
371E o1Fel A FEo] AW & T2 FAY
Hol 71%5& IBInz AA A& JFE F7]
g3 19 AxE Aot dvtn gtk

A AAE £49 A3 Ade A Al e

& AAEY] X" AL gith Leffert’®
urEslel 2912 g 98 4 F 67lg A°
o F&3ls Aol Fdx A Narakas®” & A
g wiEsl, 9918 4749 43 (shrinking), 9%
o] ozt 38 7|7t @S HEA, zn AT
EES 3AdE 3R] AS 2] Feo] Mol
m &4 F 3-657F HAY & AVEY, £ F
47890] Avpd Axy) YRz 8-1270¢g o] Ay
A3 L&A oz P} Allieudt Cenac®2
37hE o) &8 ¢ A% AW Foa ow,
tgte] Chuang” 5& +4 ¥ 3-4/1€3 AZAHA
FAL HolA ¢¢ A% FEsAL ok 22U
Rorabeck® Harris® € /134 &4 o199 &4
Lt 6-8/19 olFd F&& ok Ao, I4
Z, AAE e 299 T8oME AX FE F
3de] Ay FEFolx FEd At e F U
I 3, a8z AAEDES AR six
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Ade 1-24 Alold] £d3tn FgeolFIol 52
AlZsls ol &% 3d0] FY & e ©l, 4%
e sAl 7d AR 9dd= 9u]gle 3 &l
o] FolATkz PP, olRo] FEel A AFIA
24 3812 FaskA & & vk

Narakas®t€ A7 BYd&A X2 sokd 7%
A N SR NFEE 25 99HE Y A 2
T3 B35 A4 A2 3A9E ¥ H)SFE L F
A AR pFE UAZ ¥ HE UG 2 g
E0 AAdAE AZ 5HER AFE F e,
Aol ME REHozY HFE F glojA HHEA
A AYgEdn don, Millesi?e F24 239
AE 5] 7F¢ Fosttia ok

AuelEe 8o Aol FAd FAA 3
Ho] Aol AFAY <3l AL Algct 9
@ A7 E (neuroma in continuity) ¥ Ze] A7
< FE31 Je BE 23] Y& AF Ads}e=
o, 24 9dg e AL &4 S
F . AE Bo] ZABH A Qo] FHA 7
< 3B GxjolA AR AR uEed oln]
3Bd 75 245 29T 5 Urh

AAH| &L VAT AY &34 7150 e 4
20 A48 F e FE PHE, F2 5T A
7, Bell’s nerve, %417 (spinal accessory
nerve), A% A4 5& ol &3e W F2 F8A
o 2, AB/A $£%5 ¢ HF AE e e
8] Alggrprermeuna®d  Hantzol Narakas'”
E o vt oA 433 34 3, vut A
#AH 7% AL 993, R 7159 4L 94
t}x 33, Solonen™& 389 1904 %33 FoA
2322 A9 Alliev’s F2 A& o83l
389 7l FHE EFL 45T VS AUk A
. a8y dE B, 53 A3 A% 1,20008A
1,30070¢l & 417 (myelinated nerve) £ 7}X 3
UE ©l, 40%%o] +F 473 Afolnz dAe 7]
RAshok 50072 &5 A4 ARE Lfs "k
Aol A L 29 AR 6,000 f4 AAF 3
Bo] 20] Pt Afvt +F Aoz FAF
A7Ael a7 ey A8 879 w3t A7 4
82 s g,z AREF F9A 15-30%
7} g <% & os, ARE FEE B9
7F A Fe oY JHX olRE A&l S4HA

30
X

"}, AAoldF} e 2N BHe &AES
Z7M70th. 22]3 SAL oA gez 9
a9 10cmel FFA et 10% G07H) & N7
< YRt asug A9NAF &4 F FeFe
2 ge dii £ AAE At AL oY),
Sunderland”& F#d 3¢ A% 53¢ AL
o] 4% F& AT AFL /LA e FE
9ol e AFP )5 A%H 29 A%
& A7 AX] FolM AL BR A, 2)7 A7
o] FAo] g3 AR FBF &5 AR FH9 2R
# wx A2 (erroneous crossshunting) 2 <%
F NHeR §48 A4S A X3 =W, 3
29 AR B3t AAAMY &5 A AEFE
PR At =4 71A 3} (axon branching) 7} A48
FAF dojuAleh, 23] ojzle] Fo A &
oz Agsad APYI 7158 E&S Foj=H,
HALR o= ¥R AAo AH|HF, 5)HFolA
w238 dZdd0 71548 9oAAY 6) T/
Ao B4l FHA 2Fo] e F tkn
o, $¢2 AT Rgo| 24 AF HrH] A
71% 3% A=r} vesad vldeae o] #& %
We Al Rolgelm ok EF 10002339 3
Bo| 7|xte] BRH 728 7R A A3 F9 3
BEhA M 9 288 Aujste A% gFe=
AF AgelT2 L F¢Ie vl FZ(alterna-
tive pathway)el 2@ A &L ¢Fo 474
B7Hg 2R e, 43U ¥ FgeEae
JFL AT AeolA &3] Bt olFojAHF
gcka Yok

Ng AFY H7 PEE ARED Aot B
tl, Barnes’t %, 294 3%, 3E & Mo
recovery) &2 #3131, Bonney 't 2% 3 °¥
& $83 (useful) &2, Narakas™x &3 3=
(useful result), ¥£2 AF(partial result), <&
A A9 (total failure), Rorabecks}t Harris®&
A7 A% 2 Al B Aol wt g4 3
B 2ad 38 38 ¢le, Milesi®s FUEY
3 229 AVA HFAE VIR F4EF
u]4-83, Allieust Cenac’e 29 3 5% 7€
o= 8 32 ¢le(poor or absent), FF=E 7I
% (moderate function), ¥Z& 7% (good
function) o2 E§3ld ARSI FF} ¥z
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Agvigta At FFIAT zdolA=

1985 1949E 19949 129714 XA3RD 103
B #AE Yo AL Y BEA AR

E AE A4 3852 iR,
A 107M47A 37dele} "
B Ro] gAY ZrE 319 tst

At thewt e AnE A9t
DAY HEe A% AAF &4 B 47H

2

3

~=

(46%) 1N Feiwer, A4 3EH ;A 3%
9] 2(31%) oA A= FAAMG] Wit 374K
A 97NE Alelel A HAHAL, YA 389
1(1698) 9] #AtoA 97RdelA 16719 Atele] &
7o), HF 7.8 AP S BFch
FAEY AMA score’d W9 BA) 14,8304 F
ZF A BFA 39.84 02 AXMEU.

A7 BAdeg AT 319 5 52%7F 7153 2R
£ HAFn 39 AMA score’d €4 21.5%
A &% 36.38 202 14.8%0] /AHHAUTE
FFoM Z15H FAE B ¥EL foid &
Fol olAet, 715A A9 F=E 2587
14.83 22 A IHEFo] UA &g AN
THY BAACE o 43 71%d 3L B
AL & F YA (p0. 05).

4 BF ARNEES BAA £99) Tt I8 3

A A9 5 U Wl 25T AN

olgFeg Be BANS L, 71A%)F 27

3 WA 4 579 HEL s FAAA 2 FEE
Fe, 2t AR d F48 3= AR
o B HREA 7 4 ol wWE ¥ WF
< 7H AEAAF &4 BAIA 49 37|
Hd o B2 7T HEE E 7 e BEH 8
He AE Zd 38E Jdele Aol Boa
AAd, aEE ARELS A IE F4
F 97 .84 AFEeE A #EE 7Y
3 193t 7ide & 3 1do] Adslx Ad
35| 52 gE AN F&F ArE BT
A& A
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